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k I 630 '" 3 e ?P p f ssin « ir on-«Sulatrd outer membrane proteins of which certain are sidcrophcre or transferrin receptors 

to , l^t m r aCCinal preparaU l n ' Said bactcria arc rrom a culture in a medium in which the ,ron content is reduced 

ZV-Z \~ % ^ 8 3n 'Tf C ^ rcSS, ? n ° f " id protCinS ' and in Panicu,ar of rcCc P lors . «m«n; to induce, when said 
bacena are used in a vaccine, the formation of antibodies preventing the specific recognition of siderophores bv their cccmors 



VACCINS AGAINST SE PTICEMIC BACTE RIA, SEPTTPFMT^ 
BACTERIA A NTIGEN PREPARATIO NS , NEW BACTPPTA ftM n 
X^^ZPJjS — FOR__THE — PREPARATION QP* THESE ANTIGEN «: n, VACCINgS 

This invention relates to bacteria belonginc 
genera including pathogenic bacteria and expressing 
large amounts of external membrane antigenic proteins 
regulated by iron. 

It also relates to processes for the 
production of these bacteria. 

It furthermore relates to vaccines 
against septicemic bacteria containing as an activ- 
principle bacteria which express in large amounts 
external membrane antigenic proteins regulated 
by iron, or fragments of these bacteria or 
antigens expressed by these bacteria. 

It furthermore relates to other bacterial, 
viral or other vectors allowing the expression 
of these antigenic proteins, as well as to vaccines 
containing these proteins as their active principle. 
It furthermore relates to recombinant 
Uve vaccines, notably bacterial or viral vaccines 



2 



C\ r> ~* r\ />. 



10 



15 



20 



expressing these antigenic proteins in the vaccinated 
organism. 

It is known that apart from some lactobacilli 
iron is a necessary nutriment for all living 
forms including bacteria. These need iron to be 
able to multiply in a host cell. The capacity 
of the bacterium to multiply in vivo is an essential 
factor of its virulence. 

Although iron is present in large amounts 
in a human body, the bacterium only has a 
very small amount of free iron at its disposal in 
order to multiply. 

Indeed by far the greater part of an 
animal host iron is intracellular (in the form 
or ferritin , haenosiderin Pr heme) and therefore 
its access is difficult. The small amount of iron 
which is present in the body fluids only exists 
in the form of extremely stable complexes, which 
are principally made up of two iron chelating glycopro- 
teins : transferrin in the plasma and lactoferrin 
in the secretions\ The existence of these glyco- 



proteins strongly, but in a reversible manner, 
linking the iron, is necessary in order to allow 
its use by the cells, preventing its precipitation 
2d in the form of ferric hydroxide. 

The plasma contains iron * complexes 
. in the form of haptoglobin-heme, ceruloplasmine, 
ferritin , lactoferrin and -transferrin. 

The major part of the iron is transported 
30 by transferrins. Three major classes of transferrins 
may be recognized : seric transferrin , lactoferrin 
and ovotransf errin . 

The transferrin captures about 95% of the 
iron in the plasma and its saturation rate 
is only about 35% in the healthy individual. 



Lactoferrin has a very small iron 

saturation rate and keeps its chelating properties 

in a wide pH range ; its presence in all secretions 

of the organism, that is to say at the level of 

5 potential microbial invasion sites, imposes a 

wider restriction for iron in these places than 

elsewhere in the organism. 

The complexation of iron to glycoproteins 

results in that only a very small concentration 

-19 

10 of free ferric iron (10 M ) remains, this being 
quite insufficient to allow a normal growth of 
bacteria . 

In order to acquire the iron they need 

to multiply in the host, bacteria have a number 

15 of means available. 

It seems that some microorganisms may 

obtain their iron by a mechanism implying direct 

interaction between the bacterial cell surface 

and the protein linking the iron in the host. 

20 However, this direct acquisition mode only affects 

a very limited number of species. Most bacteria, 

pathogenous or not, react tc the lack of availabilitv 

or 

of the iron in a host /in some aerobic environments, 

by producing iron chelating compounds, called siderophores. 

25 Siderophores are made up By ^olecules 

having a small molecular weight forming specific 
complexes with a very high affinity for the ferric 
ion. Their biosynthesis is regulated by the iron 
and their function is to supply .the bacterial 

30 cell with iron. 

These siderophores possess an extremely- 
high affinity for the ferric ion (their association 
constant is about 10 M which allows them to 
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disolace the iron associated with the host protein 
or to solubilize the ferric iron which is precipitated 
in the form of hydroxide. 

Most Of previously identified siderophores 
belong to two epical classes : phenolates- 
catecholates (deriving from 2 , 3-dihydroxybenzoic 
acid) and hydroxamates (deriving from hydroxamic 
acid). 

The better known among siderophores 
belonging to the class of phenolates. is the entero- 
bactin which is excreted by the bacteria belonging 
to the genera Escherichia , Klebsiella, Salmonella 
and Shigella . This enterobactin is made up of 
a cyclic trimer of 2, 3-dihydroxy-N-benzoyl-L- 
serine and is the chemical compound having the 
highest known affinity with the ferric ion (Ka = 

Several enteric species synthetise 
another hydroxamate siderophore, aecobacfin . This 
sideropnore is particularly synthetised by septicemic 
or invasive Esrherich ia_ coll strains having a 
type Col V piasmic, or by Salmonella tvDhvmurium 

and Shigella . 

This biosynthesis of siderophores by 

bacteria is associated with the production of 

proteins at the outer membrane, some of these 

proteins behaving as receptors for siderophores,. 

as well as mechanisms allowing iron transportation 

and release inside the bacterium. 

The common characteristic of these proteins 

which are formed in the outer membrane, and are 

often called "IROMP" meaning Iron Regulated Outer 

Membrane Protein, is a size between 70 kDa and 

90 kDa, and their synthesis as well in vitro 
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in a restricted iron environment as iji vivo during 
infection , 

The outer membrane proteins, or siderophor e 
receptors, are therefore the "cond element of 
5 systems characterized as having a high affinity 

for the bacterial intake of iron (the first 
element being ma$e up by siderophor «s ) . 

Apart Vrrvn these high affinity systems, 
many bacteria possess low affinity transportation 
10 systems which allow them to use ferric hydroxide 
in polymerized forms. 

The absorption mechanisms for iron 
have been particularly studied with Escherichia 
coli which is the best genetically known micro- 
15 organism. 

The high affinity iron transportation 
endogenous system in E^, coli uses the siderophpi^, 
enterobactin. Enterobactin is synthetised and 
excreted in the medium when coli i s placed 

20 in a restricted iron environment. The ferric entero- 

bactm complexes are then taken up by the outer 
membrane (81 kDa Fep A protein) and transported 
to the cytoplasm. When internalized the iron is 
freea by ferric enterobactin hydrolysis, then 

25 reduced to ferrous iron. 

E'.j coli ' s enterobactin system comprises 
at least thirteen genes. Seven genes (ent) are 
involved in the biosynthesis of the sidercphoie, 
and five genes (fep) code for transportation 

jO proteins. 

Apart from the enterobactin . system, 
E ■ coli septicemic strains excrete and carry an 



6 



hydroxamate siderophore, aerobactin. 

It has been discovered in 1979 by P.H. 
WILLIAMS (37) that some Col V type plasmids carried 
genes for the aerobactin siderophore and its 
receptor located in the outer membrane and called 
lut. A protein (74 kDa protein). 

Although the aerobactin has an association 
constant with the ferric ion which is lower than 
that of enterobactin, it however has structural 
properties increasing its capacity to take up 
the iron linked to the transferrin or to the 
iactof errin. 

After this was demonstrated in 1979 
by P.H. WILLIAMS, many studies have shown that 
the aerobactin' s iron transportation system played 
a major part in * the virulence of pathogenic strains 
of coli and many other bacteria (GRIFFITH 
and al . ( i 3 ) ) . 

The presence of the aerobactin siderophore 
strongly favours the virulence of pathogenic strains. 

Although aerobactin is less powerful tha:i 
enterobactin as a chelating agent, it is 
active in much more varied environment conditions 
(enterobactin is very sensitive to oxidation 
and pH variations). Aerobactin therefore confers a 
higher degree of adaptation to the bacterium. 

Besides, aerobactin is a better bacterial 
growth stimulator, and it seems that it is much 
more quickly excreted than enterobactin , probably 
because of a preferential genetic induction when 
E. coli is grown in the presence of a chelating 
agent. 
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With the aerobactin operon, the bacterium 
acquires an extremely efficient iron transportation 
system with a minimum number of additional genes, 
or only four genes for the synthesis of aerobactin 
which is a small simple siderophore , and one gene 
which codes for the outer membrane receptor. Indeed 
the other genes necessary for the transportation 
of hydroxamates are inherently present in all 
Escherichia coli . 

The expression of all genes coding 
for membrane proteins, siuerophor e receptors and 
corresponding sicerophores is regulated by a single 
protein,. Fur, which acts as a repressor when the 
iron is available in sufficient amounts. The central 
regulation is superimposed on an individual moduiatio 
which regulates the expression of each system 
according to the state of the environment. 

Some authors have grown bacteria, 
so as to increase the expression of IROMPs in 
environment with an iron deficiency with the help 
of chemical chelators, such as c^ f C( ' .cipyridyi (A. 

31 NDERE I F" ez ai). The cloacin receptor of Col V- 
bearing Escherichia coli is part of the Fe 3+ 
aerobactin system, J. Bacteriol., 1982, 150 , 1472- 

475 ; C. MAR OLD A et ai. : Flanking and internal 
regions of chromosomal genes mediating aerobactin 
iron uptake system in enteroinvasive Escherichia 
coli and Shigella f lexneri , J. General Microbiology, 
1987, _133, 22S9\2278 ; A . « Bl NDEREI F et . ai. : 
Cloning of the aerobactin-mediated iron assimilation 
system of plasmid coi V, j. Bacteriol., 1983, 
153 , 1111 -1113 ; De LORENZO et a 1 . : Aerobactin 
biosynthesis and transport genes of plasmid col V - 
K 30 in Escherichia coli K 12, J. Bacteriol. 1986, 



8 



165 , 5707-578 ; P. WARNER et al. : col V - plasmid- 
specified aerobactin synthesis by invasive strains 
of Escherichia coli , Infection and Immunity, 1981, 
23 , 540-545 ).E. F . GRIFFITHS et al- have shown 
in : Synthesis of aerobactin and a 76000 Daltons 
iron-regulated outer membrane protein by Escherichia 
coli K-12 - Shigella f lexneri hybrids and by 
enteroinvasive strains of Escherichia coli, Infection 
and Immunity, 1985 , 4_9, 67-71, that enteroinvasive 
strains of E_^ coli produce aerobactin and a 76 
K outer membrane protein when grown in a reduced 
iron environment in the presence of ovotransf er rin. 

The recently acquired knowledge on 
the iron absorption systems of bacteria has allowed 
one to. explore new ways of fighting pathogenic 
bacteria . 

It has been suggested to synthetize 
side-rcphore ana logs which are toxic ^for the bacterium 
and may deceive the iron transportation systems 
in order to penetrate into the bacterial cell. 
But these synthetic chelators have a lower affinity 
for the iron (III) than natural siderophor e s , and , t 
they are unable to displace iron in transferrins. 

ROGERS has suggested to form complexes 
between aerobactin and trivalent metal ions in 
order to use them as antimetabolites towards the 
enterobactm -Fe natural complex. Only complexes 
f armed with scandium (Sc ) and indium (In ) 
have some antibacterial activity (ROGERS et al. 
(26) : ROGERS (27)). 

It has also been suggested to adsorb 
phenolate type siderophores , which are aromatic 



molecules, on some seric proteins, which then 
play the part of carrier molecules, this allowing 
the induction of specific antibodies against 
the siderophoro . 

Thus, BYERS (5) has described a vaccine 
against/pKenolate siderophore which is produced 
by Agromonas hydroohila (a bacterium which is responsible 
for human and fish septicemia), which has been 
assayed with fish. The siderophore is covalently 
coupled with human or bovine albumine. Fish, which 
are immunized with these preparations generate 
antibodies reacting against the siderophore .' It 
is, however not specified if the antibodies which 
are formed are able to neutralize the siderophor^s . 

One has also tried to prevent the bacteria 
from taking up siderophor es wi th antibodies that 
would be specially directed against the siderophore 
receptors. x 

30LLINetal. (4) report the results 
of a study indicating some passive immunization 
with antibodies against the outer membrane proteins 
regula-ted by iron, thus protecting turkeys from 
an Escherichia coli septicemia. 

However, all efforts towards the elaboration 
of an efficient vaccine have, until now, failed 
because of the difficulties in having a bacterium 
express membrane proteins which are regulated 
by iron dt a sufficient level in the bacterial 
culture. 

This invention allows one to overcome 
this difficulty by suggesting the use in a vaccine 
as an active principle, of bacteria expressing 
in large amounts membrane proteins which are 
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regulated by iron V and more particularly, sideropho* 
receptors at a sufficient leve i to induce the develoom^nt 
of antibodies which prevent the specific recognition 
of siderophoresby their receptors. 

. - An aim of the invention is to suooly 

bacteria expressing outer membrane proteins' regulated 
by iron (IROMPs), which' may be used as protective 
antigens. 

Another aim of the invention is to 
suggest the synthesis of outer membrane oroteins 
regulated by iron of septicemic bacteria by genetic 
recombination. 

Another aim of the invention is to 
supply^arge amounts of IROMPs , notably lut A ' • ■ . 
and Pep A proteins, siderophore receptors, aerobacm 
and enterobactm in Escherichia coli and other 
families, through synthesis of these proteins 
by a genetic recombination. 

Another aim of the invention Is to 
supply vaccines containing as an active orinciole 
bacteria or fragments of these bacteria having" 
in tneir outer membrane large amounts of IROMPs 
and notably lut A and Fep A proteins, as obtained 
by genetic recombination or by other processes. 

Another aim of the invention is to 
supply vapc^nes-^i^ng as an acclye princiole 

IROMPs,^for example^iut a and/or Pep a oroteins 
or antigen^p-r-epa^ations incorporating these 
proteins . 

This invention therefoie uses bacteria 
expressing outer membrane proteins regulated by 
iron and some of whic^ are siderophore receotors , 
which may be used in' a\ vaccine preparation. 
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'teria according to the invention 
zed in that they express larger 
-se outer membrane proteins, and 
:rly, transferrin receptors, notably 
ceptors, to induce, when these proteins 
vaccine, the generation of antibodies 

specific recognition function by 
. and thus putting an end to the 
£ the pathogenic bacterium, 
•teria which are used are preferably 

and they preferably excrete enterobact 
•tin sivderophores . 
teria are preferably chosen among 

up by Escherichia coli , Klebsiella , 
:;nimuc ium , Shigella . 
- e r i a preferably excrete together 

and enterobactin siaerophores . 
:ording to the invention and according 
;;odiment thereof, bacteria are obtained 
-.urally existing strains or strains 
,und in laboratories or collections 
vadium wherein the availability of 
J to a level allowing a satisfying 
ion of /jVi&ftbrane proteins. The culture 
grown in presence of a strong iron 
protein such as iactof errins , these 
rs which advantageously establish 
je with the same characteristics 
are to be found i_n vivo , 
•ct of the invention is also a process 
.uch bacteria to be used for the 
vaccines, characterized in that 



sai<3 bacteria are grown in a =»L»r. msciue containing 
In iron ,111) oneiatin, orotem sacn a, transiorrins, 

and notably lactof errins . 

As a minimum medium,, one can use .hat 

which is described for instance by SIMON 

TESSMAN (30). difficult 
However, this embodiment remaxns dif.icul. 

to apoly, because with the iron chelators which 
are generally used one must sufficiently reduce 
the iron content in the culture medium so as 
to obtain a sufficient expression of the outer 
membrane proteins. Often, small amounts of iron 

-w^v Av^rpcrqian of membrane 
remain, preventing the expression o 

osteins (iron from the fermentor, for 

or from oioes which are, generally, mace or s.amless 

ste .l). one must then resort to comparatively 

complex processes order to lower the iron conterr 

-o ; ,.vel allowing the expression of the externa. 

ft* bacteria, and their application 
membrane protein^ Oi Dae 

is costly. e 
Accordinc to a second embodiment c 
the invention, which is also the preferred embodiment, 
bacteria expressing in large amounts the outer 
membrane proteins, siderophore receptors, are 
transformed by recombinant plasmids. 

indeed, he advantages of 

^t-oin.: -ideroohoie/ or transferrin, 
the outer membrane proteins, siceropnu 

through genetic recombination, are many : 

- it allows one to generate an important 
expression of these proteins , whatever the iron 
concentration in the culture medium, 

- allows one to study immune reactions 
directly aiming at these proteins, while excluding 



any other constituent of the original strain, 

- it represents the cheaper solution 
for the expression of membrane proteins in an 
environment wherein iron is always present (fermentors, 
pipes and sundry stainless steel equipment). 

If the applicant more particularly 
aims at the synthesis of lut A and Fep A proteins , 
aerobactin and enterobactin siderophore receptors 
°f E- Coli , it can be understood that the below 
described genetic recombination methods will 
apply by analogy with the synthesis of membrane 
proteins ( I ROMP s )/ siderophore receptors, aerobactin 
and enterobactin or tranferrins from pathogenic 
bacteria other than coli . 

The invention therefore also relates 
to the preparation of coli lut A and/or Fep A 
proteins by genetic recombination. 

The lut A protein may be synthetized 
by a process according to which, in particular : 

- one isolates the plasmid or chromosome from 
Salmonella. Shigella or Klebsiella pathogenic 

coli strains; bearing the aerobactin operon, 

- one separates from the plasmid or 
chromosome a fragment containing the iut A gene, 

- one links said fragments with a 
cloning vector, 

- one inserts the clones having inte grated 
the iut A gene in an expression vector (for example 
GTI 001 plasmid), 

- one then expresses the Iut A protein 
by growing the clones. 
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The Fep A protein is obtained : 

- by isolating from z plasmid (for 
example pMS 101 plasmid built by LAIRD and YOUNG 
(19)) or from a bacterial chromosome, coli, 
Salmonellae or Klebsiellae, a fragment bearing 

the feo A gene, 

- by cloning said fragment in a cloning 

vector, 

- bv inserting the fep_A gene in an 
expression vector, preferably in a vector which 
is used for the expression of lut^A protein (GTI 

001 plasmid), 

- by th e expression of the Fep A protein 

bv growing Che clones. . 

The expression vectors for Iut A anc/or 

? eo A oroteins may be bacteria and one prefers 
to use coli whose expression systems are best 
known. One may however also use other vectors, 
notably viral vectors or vectors made up of yeast, 
and which can be built by specialists. 

Bacterial clones expressing Iut A and/ 
Fep A oroteins may be multiplied in an appropriate 
medium at a sufficiently low temperature so as 
co orevent or limit, the expression, generally 
below 32°C. The expression is then induced by 
risinc the temperature, for example - to 42«C 
during about 4 hours, so as to induce the expression^ 

of iut A and fep A genes. 

^ne therefore obtains bacteria integrating 
iut A and Feo A proteins as well as their orolut 
A and oroPep A precursors, these having the 
shape of large size cytoplasmic inclusions. 



These bacteria as used in a vaccine, 
as an active principle, induce the generation 
of antibodies directed against lut A and Fep 
A proteins , preventing recognition by these proteins 
of their respective siderophores aerobactin and 
enterobactin, this therefore strongly reducing 
the iron supply to the bacterium and blocking 
its multiplication. 

The invention therefore also relates 
to vaccines containing as an active principle 
recombinant bacteria expressing external membrane 
proteins regulated by iron. 

The invention more particularly relates 
to vaccines containing' as an active principle : 
recombinant bacteria or fragments of these bacteria, 
notably fragments of membranes integrating lut 
A and/or Fep A proteins or their precursors, prolut 
A and/or proFe? A ; or again lut A and/or Fep 
A proteins and/or their precursors, for example, 
extracted from cvtopiasm or extracted from the outer 
membrane of recombinant bacteria. 

In another embodiment, the invention 
relates to vaccines containing as an active principle 
bacteria which are homologous to septicemic bacteria, 
or fragments of these bacteria, grown in a medium 
with restricted iron supply, and which integrate 

in larger amounts lut A and/or Fep A proteins 

or 

and/or their precursors; /Tut A and/or Fep A proteins 
(and/or their precursors) being suitably ex trac ted 

The latter vaccines are preferably 
prepared from bacteria which are grown in a medium 
containing a strong protein type iron (III) chelator, 
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notably transferrin, lactoferrin or ovotransf errin. 

The invention would be better understood 
on reading the following specification , referring 
to the appended drawings, wherein : 

Figure 1 is the protein prr'ile as 
obtained by electrophoresis of a clone expressing 

Iut A protein, 

Figure 2 is a protein profile as obtained 

by electrophoresis of a clone expressing Fep 
A protein. 

The abbreviations used in the following 
SDecif ication have the following meanings : 



Amp r ampicillin resistdnt 

Clo s cloacin sensitive 

dATP ceoxy-adenosin-tr iphosphate 

EDTA ethylene-diamine-tetraacecic acid. 

Ent enterobactin 

E.O.P.S. without specific pathogenic organisms 

XPTG isopropyl-S-thiogalactopyranosid 

kpb bases kilopair 

LB luria broth 

OMP outer-membrane protein 

PAGE polyacrylamide gel electrophoresis 

pb bases pair* 

PBS phosphate buffered saline 

SDS Sodium dodecyl sulfate 

ST Simon and Tessman 

TEMED N , N / N 1 / N ' - tetramethy lene diamine 

Tris tr is -hydroxy-aminome thy 1-me thane 

tet r * tetracyclin resistant. 
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MATERIALS AND METHODS 
I. MATERIALS 
1 . Strains 

Table I recapitulates the various strains. 
The pathogenic strains used are septicemic -" ins 
from calves or'chicks and are to be found in the RHONE 
MERIEUX strain 'collection. 

The host strains . - used for cloning, 
sequencing and expression are all derived from 

Escherichia coli K 12 . 

These strains may be easily replaced 
by other wild septicemic strains or laboratory 
strains; 

2 . Plasmids 

Origin and characteristics of plasmids 
used for cloning and expression are presented 

in Table 11. 

3 . Media 

SIMON and TESSMAN minimum medium (30) 

Contents : 



NaCl 




5.8 


■3 


XC1 




3.7 


<3 


CaCl 2 , 
MgCl 2 , 


2H 2 <3 


0. 15 


9 


6H 2 0 


0. 10 


g 


NH 4 C1 
Na 2 S0 4 




\ . 10 


<j 




0. 142 


g 


KH 2 P0 4 




0.272 


g 


Tris 




1 1 . 20 


g 






H 2 0 




1000 


ml 



pH 7,4 



The only carbon source is sodium succinate 
added to a final concentration of 10 g/1. 
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In order to establish a limitation 
to the iron in this medium, one adds ovotransf errin 
(SIGMA) at a final concentration of 250 ug/ml 
(One may have concentrations above 500 ug/ml). 
5 The iron-rich control medium is obtained 

by adding FeCl 3 , 6 H 2 0 (MERCK) at a final concentration 
of 4 0 uM. 

M9 MAN I AT IS minimum medium (29) 
Na 2 HP0 4 6.0 g 

KH-PO, 3.0 g 

10 2 4 

NaCl 0.5 g 

NH XI 1 .0 g 

4 

H 2 0 qsp 1000 mi pH 7,4 

to this basic medium are added : 
15 Mg SO . 1M 2 ml/ 1000 ml 

glucose 20 % 10 ml/ 1000 mi 

CaCl n »" 0.1 ml/ 1000 mi 

_ L 3 rich medium ( MAN I AT IS and al. (23)) 
bactotryptone 10 g 

20 Yeast extract 5 g 

NaCi . \ ^ 9 

H 2 0 q.s.p. \ 1000 ml pH 7.4 

3TS rich medium (BIO MERIEUX) 

17 g 
3 g 
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Biotryptase 
Biosoyas e 
■ NaCl 5 9 

K 2 HP0. 2.5 g 

glucose 2.5 g 

H 2 o -;sp 1000 ml pK 7 * 3 

3HI rich medium (heart-brain BIO MERIEUX ) 
Calf brain infusion 200 g 
ox heart infusion 250 g 
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Dio-gelytone 10 9 

NaCl 5 ^ 

Na 2 HP0 4 2- 5 g 

glucose - \ 2-0 g 

H 2 o qsp V 1000 mi PH 7.4 

- M M9 SP" rich medium for the expression medium : 
SP (tryptone 3.2V : yeast 2%) ^ ^ 

M9 (6-6 x concentrate filtered on 0,22 urn 

filter (Miiiioore) 15 mi 

MgS0 4 100 mM 

FeCl. 0.1 mM l ' 5 ml 



1.5 mi 
1.5 ml 
i . 5 mi 



L 3 

vitamin 31 ( 5* solution) 

The solid medi a have the same composition 
as that of the corresponding liquid media and 
10 contain 12 c agar per liter of the medium. 

Antibiotics are used in solid and 
liquid media at the following final concentrations : 
Ampicilim 25 uc/ml 

tetracyclic 12.5 pg/ml 
15 isoprcp/1- ^-D-thiogalactopyranoside (1I?TG) is optionally 
added at a final concentration from 0.05 nuM to 
' 0,4 mM. 

Sterilization of liquid and solid media 
is made by autoclave at 120*C. during 20 minutes. 

20 Antibiotics, vitamin Bl , sodium succinate 

M9 6.6X, MgS0 4 , reCij, I?TG and ovotransf er r in 
solutions are made in the form of concentrated 
stock solutions, and sterilized by filtration 
on a filter . having 0.22 urn porosity (Millipore). 

2s After sterilization, the growth media 

are kept at room temperature. 

Antibiotics, IPTG and ovotransf errin 
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solutions are kept at -20°C. 

Other solutions are kept at +4°C 
II. METHODS 
1. Bacterial cultures 
5 Apart from clones with structures built 

in the pGTI 001 expression vector, which are grown 
at +30°C, all cultures are made at -r37°C, while 
stirring, during. 18' hours. 

Whenever necessary, bacterial growth 
10 is estimated by measuring the suspension turbidity 

at 600 nm, with the help of a BECK MAN DU 40 spectro- 
photometer . 

Cultures are usually made in a volume 
of 2 ml after seeding with a colony. Cultures 
15 in a more important volume {20 ml to 1000 ml) 

are made by seeding to the l/i00th with a preculture 
in stationary phase. 

2. Sensitivity toward bacterocins 
Productions of cioacin DF 13 and colicin 
20 B are made with Enterobacter cloacae DF 13 and 

• Escherichia coli 1300 strains, respectively, according 
to the process described by DE GRAAF ( DE GRAAF 
et al. (8) and (9) ) . 

• * These strains are grown at- +37°C, in 
25 a BHI medium, until the optical density reaches 
0.5 (1 cm, 600 nm) .Mitomycin C.is then added to 
the growth medium, so as to reach a final concentration 
of 1 ug/ml, which allows one to induce the synthesis 
of bacteriocins. This culture is prolonged during 
30 6 hours, at +37°C, until lysis phase. Bacterial 
bodies are centr if ugated {8000 g, 30 nm, M°C) 
and the supernatant is harvested. Ammonium sulfate 
is then slowly added at +4°C, until the concentration 



reaches 365 g/litre. 

The superr>a\ant is taken up in 0.05 M 
phosphate buffered pH* 7.0 and dialysed gainst 
several succeeding baths of this buffer. The dialysa.e 
is filtrated over 0.22 um (Millipore) and kept 
at -20°C. 

• About 10 9 bacteria of the clone under 
scudv are spread on LB' agarose containing the 
aporopriate selection antioiotic. When une . 
liauid is comoletfeiy absorbed, one places at the 
center of the Petri dish 75 .1 of the bacteriocm 
solution. When this drop has itself dried, the 
Petri dish is placed in an incubator <+30°C or 
+37°C, as the case may be) during 18 heures. Clones 
which present a growth inhibition around this 
deoosition have became bacteriocin-sensitive. 
Clones which resist the toxic effect of bacteriocm 

on the contrary exhibit a uniform bacterial mat. 

3. separation of antisera direc te d against 

fhfi outer me m hr a n R proteins regu l ated by iron 

The protocol which is used is a repetition 

of that which is described by BOLIN and JENSEN 

(4) . 

The outer membrane proteins regulated 
by iron are separated by polyacrylamide gel 
preparative electrophoresis with sodium dodecyl 

sulfate added. 

When the gels are coloured, the strip 
containing the IROMP to be used for the immunization 
is cut off, then comminuted with distilled water, 

« „,„„i -podles having smaller 
by passing through several ne- 

and smaller diameters. 

This ground product is injected to E.O.P.S. 

• \ 

• \ 

v 
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(29) : Triton X-100 2% ; MgCl 2 10 mM ; Tris/HCl 
50 mM pH 8.0. 

Incubation is carried out during 30 
minutes at room temperature, while shaking every 
five minutes. During incubation the cytoplasmic 
membrane proteins are preferentially solubilizo.d 
by Triton X-100. Outer membranes are collected 
through a new ultracentrif ugation (111,000 g, 
60 minutes, +4°C). The obtained oellet is thrice 
washed in distilled water, finally rcsuspei:ded 
in 1 ml distilled water and frozen at -20°C for 
storage . 

6 . Proteins dosage 

The membrane extract protein concentrati 
is measured by a colorimetric method derived from 
that published by LOWRV et ai (20). 

, To 0.5 ml protein solution to be dosed 
are added 2.5 ml of the following solution : 
1% CuSO, solution i ml 

2% sodium tartrate 
solution 1 ml 

2% sodium carbonate 
solution in 0.1N NaOH q.s.p. 

After incubating 10 minutes at room 
temperature, 0.25 ml 50$ Folin reactant (Merck) is 
added . 

Incubation is carried out for 30 minutes 
at room temperature, and the optical density of 
the blue color which. has evolved is measured 
at 7 79 nm. 

Protein concentration of samples is 
determined with a standard interval prepared with 
bovine serum albumin . \ 



The optical density is proportional 
t;o the protein concentration in an interval 

of 5 to 200 um/ml. 

7. T echniques for the analys is of the 
^tgr ^Hr.nr protein co mposition : nolvacrvlamide 
gel electrophoresis under denaturating conditions 

Polyacrylamide gels are prepared according 
to the characteristics described by LUGTENBERG 

et al. (21). 

The alignment gel has the following 

composition : 

acrylamide-bisacrylamide (30/0,8 p/p) 

5% ; fris/HC] 130 nm pH 6,8 ; SDS 3,5 nuM ; ammonium 

persulfate 44 mM TEMED 8 mM. 

The separation gel has the same composition 
as the alignment gel, except for the acrylamide/bis- 
acrylamide concentration (8 or 10%) and the Tris/HCl 
buffer 380 mM pH 8.8 concentration. 

The migration buffer used has the following 

composition : 

glycine 14.4 g 

T ris 3..0 g 

SDS 1.0 g 

H 2 0 q.s.p. 1000 ml pH 8.3 
Extracts to be analyzed or purified 
by electrophoresis are diluted in at least an 
equal volume of the following dissociation buffer : 
Tris/HCl 100 mM pH 6.8 ; glycerol 20% ; SDS 70 mM, 
S-mercapto-ethanol 100 mM ; bromophenol blue 75 pm. . 

The thus diluted extracts are heated 
to 100°C during 5 minutes. 

In order to analyze the outer membrane 
protein composition 30 to 50 ug proteins are deposited 
in each well. 



For prepv 
much* as 2 mg protei. 
preparative wel 

Migratic* 
5 hours at 160 V or 
gel LKB apparatus), 
of the outer membra, 
some electrophores- 
of 100 V during 16 :. 
proteins are fixate 
at room temperature 
in a ( 50 : 10 : 50 v/v 
mixture. The unfix., 
several succeeding 
acid/water b^ths at J 
gel is photographed . 

The out-- 
for eacn strain ma 
(LKB ULTROSCAN las 
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I ROM P s a n t i bod i e s 
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antibodies is inve. 
ELISA technique ! E. 
{ 7 ) ) . Antigens wh: 
phase are fraction 
in proFep A prot 
The- rev- 
is made with a rc^r. 
anti IgG) couplet) \ 
substrate used is 
of optical densiti* 



.txve electrophoreses, as 
are deposited in the sole 

s carried out at +14 °C during 
hours at 60 V (Vertical 
order to increase the resolution 
proteins regulated by iron, 
have been under a voltage 
;rs. At the end of the electrophoreses, 
\nd coloured during 30 minutes 
. th 1.2 mM Coomassie blue 
rnethanol/acetic acid/water 
colour is eliminated with 
: 15:145 v/v/v) methanol/ace t ic 
J. q nee decolorated, the 
\d dried. 

r-rane protein profiles 
. be analyzed by densitometry 
.sitometer ) . 
and analysis of anti- 



of specific anti-IROMPs 
~ed with the microplate 

and PERLMANN (10) ; COULTON 
coupled to the solid 
sh are very much enriched 
prolut A protein. 

of anti-IROMPs antibodies 
:ti IgG conjugate (or chicken 
roxidase (Nordic). The 
xophenylene -diamine . Readings 
re made at 492 nm. 



-"Western-blotting" technique 

Proteins which are separated by polyacry lamide 
•^ei electrophoresiswith SDS are transferred on 
a polyvinylidene fluoride membrane ( PVDF 0.45 urn 
Millipore) according to the method described by 
TOWBIN et al. ( 34 ) . 

Transfer is made under 24 V during 
one hour with a BIOLYON apparatus using the following 
anodic and cathodic buffers : 
anodic buffer cathodic buffer 

fris 0.3 g Tris 0. 3 g 

glycine 1.44 g ■ \ glycine 1.44 g 

methanol 100 m& SDS 0.1 g 

H 2 0 qsp 500 ml HjO qsp 500 ml 

After transfer, the PVDF membrane is 
saturated during one h Q ur at r37°C in PBS buffer 

containing 1% s iciramed m il-* 

The membrane is then cut into strips 
corresponding to electrophoresis tracks. 

Sera to be studied are diluted into 
PBS buffer containing 1% skimmed milk, then contacted 
with membrane strips, 4ml diluted serum per strip. 

After incubation for one hour at +37°C, 
while gently stirring, three 20 minutes washings 
are made in PBS buffer containing 2% skimmed 
milk at room temperature. 

An anti IgG conjugate coupled to peroxidase, 
diluted to the 1/1000 in P2S containing 1% skimmed 
milk is added at a rate of 3 ml per strip. 

After incubating one hour at +37°C 
while gently stirring, 3 20 minutes washings 
are made at room temperature in PBS buffer. 



The citarifiobentiiin« substrate, diluted 
to £J.1¥ m a physiological water at pH 7.15 to 
wities 3tt voiuces 0.1% H 2 0 2 have been added. 
:s titert attdei to the whole. One then notices 
saft^r 5 to nnures) brown cc loured' strips 
around proteins which are recognised by antibodies 
*n che ^-erun under study. • 

The secibrane is then washed in cistilied 
•*ater and dried up, 

? - P lqsaid OXA preparation nethod 
Large plascaids contained in pathogenic 
. ir/iins are extracted according tc the method 
p-j&lisned by XAO0 et ai. £16]. 

Plas^ids obtained during the various 
stages of cloning, uncerclcmng, and construction 
in the expression vector are extracted according 
to the method of BIHNBOIX tBXRSSOIK and 30Lr J- 

?-^i-z:ic obtained after preparative extraction^ 

. 3wt- >*;^n :-e r xaese methods is purified cn caesura 
extends gradient -ttAtflATIS et ai. ;23K*. 

Whence purified, the piaszsids are taken 
in Tris 10 ntM ; 2BTA 1 aK pH 8.0 buffer so 
*- tc reacn a final concentration of l-g 
and frcten at -2d*C for storage, 

analysis and modification methods 
Ail methods used for cloning, SKA digesting, 
^smct^or. fragment analysis in agarose gel, 
edification of the ends of restriction 

fr<ng:rents, nybridation with a radioactive pr^be 
srter tranter of DNA on nitrocellulose nec^rane, 
ire d -scribed oy KAWIATI5 ,XA.j;iATIS et ai. ;'2iv;. 

;;as aeen sequenced and oligonucleotides have 
ee~ ^thetis^d according tc special cetneds. 



Genes . sequenced are subcltarwi 

in >»I5 xp IS and v,i I vectors r Y A N I S OS -?SRP-U!5 

ai. (i8M and ; ruenced according to the 
chain end method n; i eoxynucleot ides C SANGER 
ot al-. C2fH,>^a^ -rig ef the varices cnains 
is race with 25 S T { AHSRSHAM J - 

Secueru • proper is aade with reaerants 
and sequencing ki - easy res Amershas 2nd Secuenase 
liCJSEi- Electrophct ses in a poiyacrylaaide gel 
vith urea are aari in a Sequi-Gea CBicaadJ apparat 

Secuo.. ng data are processed with 
Xicrocenie (Beckr * software. 

12. unucieotides synthesis 

?ne v . ous cliconucleotides which ■ 
.:ire ueoessary . * '-cn3tr.xt.10ns *th** expressing 

-tageneses are synthetised 
: y a n c - *: t h y 1 - p he s p h or a si c i t e s 
Sysrens 381-A apparatus. 
Ugonucleocides are directly 
;r.ion and precipitation with 



j cteg raut acenesis serhoc 

-sis is :tade according to the 

ECKSTEIN* (TAYLOR et ai. (33 * : 
;IN (24 H with the directed 
•old by the Acer*haB Cecpany. 

aTICS ANC ANALYSIS OP iat A 

:-s<.;r;c*» ©f the ao cob act in cpercs. 
,>n ©Lassitd^ fcern fcy L52'*5 » 



vectors or to rrv 
ac^r^^v to t/:, 
•ne~hor« on zr. Apol : • 

Ther^. 

xses: afcer dcpr« 
ethane! • 

13. 
Muta 

set hod describe 
KAXAXAYE and EC 
mutagenesis * . 

RES' 

has, aeva se*:*" 



After panf icacLon cn caesiar*. chlcride 
graaient # these plasaids. are digested by Sam HI, 
Hind 111, ?va and Sal I restriction enzymes JScehrmge 
Tr.e various restriction fragments of each plassid 
are separated' on 0.8% agarose eel and transferred 

a nitrocellulose membrane according to the 
-Southern blot" < SOUTHERN {Mil method. These 
fr accents are then hybridated with two radioactive 
probes (labelled with 32? by displacement of cut? 
prepared from pA3Ni plasmid restriction fragments 
hearing the aerobactin operon of pCol V-K30, 
JBISDEHSrF and UE1 LANDS (2}K It nas been found 
that tne gene coding for the lutA receptor exists 
en all .plasaids on a 6.6 xb Ban HI -3am Hi restriction 
fragment- These results are a confirmation of 
trie authors' work of under cloning this gene from 
an bivalent ?CoI V-Rltt fragment I KRCNE et 
ai. 

- Cloning cf ciasiaid 2XA fragments 
bearing the iut A cene 

Piasmids of 15193, Li^2 et Ifii«2 " 
strains are digested by Bam HI restriction enzyme. 
After electrophoresis on 3.3% agarose gel. the 
gel strip containing the 6.6 kh fragment cf each 
ala&sud is cut and the UK A :s electroeiur-?d, 

the three 6.6 fcb Bar, HI -Sac HI. tragsaents 
are Lr gated separately and t*e pa7 LSI vector digested 

San *:- The three ligation ntatares are asei 
tc v:^s:;r^ competent HE lii bacteria ;:tatle 
••'•■«. 

zyc. :nv- een^- t tve rlcnes rs ^xtr^ctcd i S-y t&tf 
; n v - ^fi->r v*? "he assort. 
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Cttneu having in tec rated the 6,6 *h fragment are 
seller^ on the basis of thexr ^er.smvir/ to 
wicacina OF 13. 

For each starting zlasxid a cloacime 
sensxtxvta clone is kept for analyses and further 
3tt:i<2 ups. They ars tne follow no clones : 
Strain 15393 done SB 1C1 p 5 - 15 

Siraia '.5972 clone HB 10 1 p ? - 13 

Strexn 16CC3 clone KB 101 ? 4 - IS 

- Clones analysis 

A study of the expression oi" lut A 

♦receptor. 

Having been able to select the desired 
clcres wzth a c ice cine sensitivity test shews ' 
thfit there is an expression of the receptor tc 
eloairxne and aerobactin. Expression of. the ;at 
A 3-ne born by the 6.6 kb Baza KI-Baz^ HI fragment 

probably depends fross a weak promoter situated on this 
ret:;:ent * KRONE et al. Ci/I) and does net depend 
or tne iron concentration as do^s the eraxn promoter 
cf tn& operoa aerobactin. Indeed, the sensitivity ' 
t.v eioacine is demonstrated with a culture ca 
xrcn-rich anpicillin-LB oelcse. 

In order tc study the expression level 
:£ Zuz A receptor, the various clones are 

r ;rcv- ir . LB-axpicx 1 Ixa medium t for one night at 1 
* ' " " * : ; cr without ovotransf errxn t 5G£ ^c^'saii. 

rhe outer aeabrane proteins ef eacn 
•ir' :nrc* cicn*s are extracted and analysed 

tr I ya-ryla^Ll* with SOS. 

rffctt^ver the jrwth conditions, it 



expression in eloactne sensitive cicr.es. 

- restriction rj^ 

PLjsrtid DMA or c Icr.es 4-1&, S-15 and 
P-13 is extracted in large mounts and purifies 
on caesiurr chloride gradient. 

Restriction paps having the three 6.© 
Bad HI -3am HI,* cloned are dravn 

with Bel II , 3s t E II, Cla J, Eco RI , Kpn I, 
?st I , Pvu II and Sma I. 

These three maps are totally identical 
and correspond to the restriction cap of the 6.6 
ko Bam KI-3am HI fragment of p CoIV-K3C aerobactm 
operon deduced from maps p*:oitshec by 3LKDERZI? 
and NEI LANDS ( 1 # 2 ) and KRONE et ai. (17). 

These four ziaps are represented m 

table V. 

- Sequencing of iut A genes 

When comparing restriction rtaps for 
the three 6.6 xb Ban HI -Ban: HI fragments v:th 
the restriction zap as deduced f ret the sequence 
of the iut A gene I KROUE et ai. (18) J, :t appears 
that, the iut A gene is entirely to be found 
on a 3.2 ko 5st E II-3st E II restriction fragment 
.table VI J. 

This fragment is isolated by electro* 
elution, reiigated upon itself with T4 phage iigase 
(Boehringer ! and digested with several restriction 
enzyme systems. The various fragments thus obtained 
0 size 150-600 pb) are i solaced by Geneciean 4 Bio 
Id) and 5ubcioned in the Ml 3 mp IS and np I ^ ' 
vectors previously digested with the appropriate 
<*nsynes. The sequence of each clone is then 
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deternuned according to SANGER'S eerhca ^trrs 

the use of Amershars and Sequenase ;t?S3.. sequencing 

kits. 

Only the 3,2 kb Est E IT -Est Ell 
fragment of clone ?-13 has be^n entirely sequences. 
The two regaining rut A genes nave beer, sequenced 
between the 3gl II CI I site and the Eco RV J2396: 
site. 

The 3st E II-3gI II region of clone 
?-I3 has been compared with the sequence cf tne 
■ iuc D e located :ust: upstreart cf lut A 
iKSRRERO e: ai. (14)5 and the ?vu II-3st E 11 
region of this clone has been compared with the 
sequence/isi element (0K7SUBC and OK7SCSO 1251 

These comparisons as well as the 
ccnpansons cf the three 

ii^Li: ?enes with the sequence of the jut A gene 
of pCclV-K30 are presented in table VII. 

Analysis of these four sequences reveals 
that the lut A gene was extremely well kept, at 
the molecular level. Apart frcrt one or twc bases, 
the three mt A genes isolated frera E^ Cell strains 
cf animal origins are identical. Differences observed 
with the sequence published by KRONE et al. { 15 r 
are csirtxatal. 

The three lut A gene under study are 
99.77^ homologous to tne lut A gene of pCOlV-S30. 

Regions where differences have been 
seursnst rated are represented in table vin. (Nunbers 
relate to the position srf bases in sequences presented 
in table VI t I • . 
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Two important regions are retail/ preserves : 
the sequence coding for the signal peptide and 
the consensus sequence ("Ton 8 box* J typical 
of the outer membrane protein receptors whose 
'5 function depends from Ton B. 

The existence of four inserts m relation 
:o gene iut- A of Co 1V-K30 has been demonstrated 
on each of the three sequenced genes. These inserts 
trigger limited chances in the reading frame. 
IS Thus, the primary structure of iut A proteins 
coded by isolated plasnxids of the strains under 
study is a little larger ( + 8 ammo acids* than 
that of protein lut A of p ColV-K3G. The sequenc- 
er isolated iut A genes of the strains under study 
15 codes for a 73 3 amino acid polypeptide comprising 
a 25 amine acids signal peptide which is identical 
to that of the Iut A polypeptide of strain Cc IV- 
K30 . The calculated mass of the mature protein 
is 76097 daitons, which differs slightly from 
2Q -he size observed on gel {IS kDa}. However* the 

changes in the primary structure are not sufficiently ^ 
important to alter the secondary structure and 
the hydrcphiiicity profile, 

2. EXPRESSION* OF CLONED iuT A AND fep A 
25 GENES 

- Characteristics of the vector under 
staid y 

The expression vector used is the 
GTI 0C1 plass&id built up oy the Xerieux Institute 
30 genetics engineering laboratory. 

The genes it bears and its restriction 
:t»ip are presented in table IX. 



This plasmd tnay be built up as foilws : 
Flasttid pBRTac. raade up by ?3?.322 
.Bolivar F. et al. Gene 2, 95-113 11977)1 propagating 
o-o/eea aindlll and BaxHI^osotor Cac JA=ann 
2. et al.. Gene 25, 167, (1983)), nas its Xhol 
site destroyed by the Slcencw polynerase {also 
railed "the kleenoW ) to give piasmc pBRTacX - 
This piasaid is digested by Ncol , treated by ^ 
-he sleer.ow, then digested by Aval, and its seller 

, . ~„ .s P nHC9 fracs.fi nt CCasadabar. 

fragxent is iicatea *-o w..e a.iv-? 

K.j] et al.. Journal of Bacteriology , 143, 971- 
9S0 (1930)) digested by Mstll, treated with the 
fcleenow and then digested by Aval bearing gene 
Lac i and the replication origin of ?BR322. 

The resulting piasraic (r.ased p3RLaciX J 
in dices ted bv Hindi II, treated with the fcleeno* 
and tLn digested by ?stl. and the 2253 bases 
ra:.r lor 'oh'} fragment is iioated to the 2300 
oa'fracaent of pBRTac digested by EcoRI, and then 
tre-ed with the kieenow. and digested by Pstl. 
thus creatine plasnid pBRTaci. The letter's 
zt fraacent. or-.air.ed by digested with EcoRI and 
*stl is Heated *»"th a 1688 ?b fragment digested 
by EcoRI and Pstl and derived fro* ?3R322 sequences 
and bearing the ?BR322's tetracycline resistance 
gene. 

The obtained plascid is called pBRTaciTct . 
The latest replication origin is separated by . 
digestion vixh BaciH^, 

ob fragment is Ugated to the 2C23 pto fragnent 

of ;at:53 rrvigg A.J. s Sherratt. Sataro, 2S3. 

C198CI: dices?-** ay Xhol. thus creating 
plasE-ui pATTaei'JTt. 



This piascud is digested by. EcoSU, 
then created with the Jcleeiwrtf, and digested >y 
Aval and the 2704 pb fragment is Ixgatei with' a 
fragment bearing promoter ?r and -its thersrssensiztve 
CI 857 repressor of the 3076 ?b Lactbda bacrerie- 
phagede rived front pCQV2 (Queer. et a!., J- 5tei- 
Appl. Genet. 2, L-1C U9632) by digestion by ?stl, 
treatment with the Murtg Bean nuclease, and parrs ai 
digestion with Aval- The respiting piascud is 
called pGTiOOl. 

The replication origin of this plassid 
is under control of promoter tac, which allows 
one to regulate the number of copies by graving 
rhe bacteria in a medium containing various IPTG 
I gene lac ± inductor* concentration. 

The gene to be expressed is placed 
u:cer control of phage CI 857 strong w ?r w promoter 
(the phage's repressor being therxsosensi tive^ . 
Tne ATG of the gene to be expressed is replaced 
by the ATG of gene crc. This ATG is created by 
partial Bas* HI digestion of p GTi 001 followed 
by digestion with Hung Bean nuclease so as tc 
obtain a blunt _ end. 

The gene to be expressed is inserted 
in phase (starting fros coder, number 2! bet veer, 
the blunt ATG end and tne Xhol site. An 

ending signal for the transcription, ' placed rust 
downstream, froa the Xhol site, avoids the 
production of too long messenger RXAs. 

Other plasnids of this kxnd able tc 
express gene iut A Cor fep A >t are easy to obtain • 
:>r tc build and one krtcvs such pl.as*nvd«; vnorem the gene 
to expressed is controlled by a propter whose 
repressor is therrtosensxtive. 

- Construct ion af tne exaressicft vector z-i aeae iur A 



1HJ£ A genes isolated £r*» strains 15>£?2 
and L6003 are cloned wish their signal sttpsaefice «r wis 
of the expression sice Sa^. HI H899J of p C7I 531. 

To obtain a blent 5 fl end, startir.c 

with the second amino acid of the signal sequence 
* this time methionine), a two strands synthetic 
oligonucleotide is used to replace the region 
comprised between the initiation ATG and the only 
Acer site situated in 5 f of the coding sequence. 
The sequence of this oligonucleotide is presented 
in table X. 

The two complementary strands of this 
oligonucleotide are synthetised and the doable 
strands form is obtained by heating to 90°€ 
in a MaCl 50 oM, Tns 13 &. XgCI 10 cK. pH 7.5 
buffer, of an ecu into la r fixture of the two simple 
strands, followed by a slow cooling down to rccr 
temperature. 

The strategy which is followed m order 
to insert gene iut A of strain 15972 (clone p 
P-13J is presented in table XI. 

witn a not very satisfying yield, a codified strategy; 
x& adopted to put in phase gene iut A of strain ' 
16&C3. This new strategy uses a sub- cloning 
of the Eco RI-Sco RI region of the intermediary 
construct (step 4, table XII S in vector pS3 113. 
This vector is a pOC 18 derivative. It has a 
"polylinker* between two Eco R!l sites. Su&-c3LcR*a« of 
the £co RI-Sco RI fragment in this vector has thes' 
allowed one to put in phase gene iut A while avoiding 
partial, digestions. ; Table XII}. 
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Rastrxctssm ?vp' **' tjw 
C?I ?-2 (gene iut A of strain I«>$091 and <uTI 
? _ 5 j g en e xut_A of strain 16'C©J? expression 
pounds tfcu $ obtained are presented ift table 
XII I. 

Clor.es obtained after renewed licanar. 
with tne double strand "iut" oligonucleotide 
are selected on the basis of the preservation 
of site Acc I in gene iut A and the disappearance 
of site Bam HI -in ? CTX 001. All clones presenting 
this restriction profile have been controlled 
at the expression of protein Iut A. 

- control of the expression of let A 

Qualitative co nt roi 

The selected clones are crown rn X? 
S? tetracycline medium with 0.4 =M IPTG at 32 S C 
i start of induction). The sensitivity of these 
clones towards cloacine is exaained by the abcve 

described .net hoc. 

Two clones out of 25 are positive for 

the constructions GTI-iut 15972. 

Three clones out of. 6 are positive 
for the constructions GTI-iut 16003. 

The cloacine sensitive clones are 
grown in 50 si tetracyclic M9 SP oediua containing 

0.4 EM IPTG- 

The culture is sade at a temperature 
of 30°C till the optical density reaches 1. Induction 
of gene iutA expression is then sade by continue 
tne culture for four at ~42 a C The bacteria 

are centrifugated and their' total proteins a-e 
analyned by polyacrylaaide gel-SSS electrophoresis. 
Tnis .,: lews one to directly appreciate the importance 



of lut A protein production (figure II. The analysts 
. of clone CMX 603 GTI P-2 reveals that protein 
Zuc A and its precursor represent, after induction, 
25% of the bacterium's total proteins. The sole 
5 rut A protein represents 30% of the cuter rsenbrarse 

proteins. 

- Oonscruction of the expression vector 
for cens fep A. 

Characteristics of the initial clone 

- 3 p MS 1 3 i 

Following the results of COHERE and 
EARKART (5) indicating that gene . fep a is Lccared 
on a 6.3 kb 3am HI-Bac-HI fr accent of piaseid 
?MS 101 constructed by LAIRD and YOUKG (191, this 
L: fragment is sub-cloned and vector pBR 322 digested 

by Ban: HI. The restriction nap of the obtained 
plasric {?-!) appears similar to that of pias^id 
p!T3 1 {FLEMING et al. <Lii -table XIV K 

The publication of the sequence of. 
Z0 fep A {LUXDRXGAK and KADSER } {22$ has enabled 

one to precisely locate this gene On the restriction 
fra.cner.t Ssp I-Stu I 2532 pb of piasztid 

The following strategy is used to insert 
gene fep A into p GTI 001. 
25 An oriented mutagenesis is cade in 

terminal 5 1 region of the coding region in order 
to transform sequence : 

5 * ATGAACAAC 3' 

into a Hpal restriction site 
1 - XET AS:r LYS 



GTTAACAAC 



i'i 



This site is cut into bi-jnv vafei «n<ss 
mthe following Banner STT AA c. This alleys 
direct : : . 33 ; i0 n of gene feg a with the ATG end 
created in p GTI 001. 

mutagenesis :s caie according to 
th ~ -CSSTSU; aethod f ^oligonucleotide (table 
»•>. after sub-cionirig of. 33§ pb Ss? I-F.cc 
ai fragcer.t in the replicative for= of ohace xu 

rap »g. 

The nutated fragr.er.c is er.tirelv seeue.-ced 
•in order to check that the seecer.ee had not been 
codified elsewhere than at the desired site. 

Details of integration of gene fen 
are sunaarized in tables XV : and XVI I. 

The various clones, obtained after :i5fe ,„ 

fragment Hpal-Xhol 235C" pb in plasaid.GTl 521 " * 
ire selected by the praser.ee cf a 1700 pb 
Ec- ? : -£co Ri fragment. 

" Control of the exp ression of ?ec_A 

Qualitative control. 

The ligation r.ixtcre between the 235C 
■ po Kca L~ Xho I fragment and piascid GTI 30i 1S 
-sed to transform coaoetent bacteria 3*3 18. This 
5:r ~" bein S £g P. *- i= is coiicine a resistant. 

Clones having the desired restriction 
aap (table 3C/II) are tested upon their sensitive tv 
to coiicine 3. 

One clone CSWB 16 GT2 F-12.? appears 
.sensitive to the action of coiicine 3. 

Quantitative -control.' 

The expression of protein Fep A and 
it.-, ?r»ciric: ts analysed on polyacryla-wce-SCS ■ 



r 



4 Or 
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*»P A and xts ^cursor a very larg* ^ n 
■■ 2( '* a£ iO-Jl proteins 

?rct - in F *P A represents j 2 * e * ~n* 
outer cieEbrane proteins. 

. g52£i££SSl£a: and rcrrh<rW ^ aI 

.?> ciones^ x gressxns i a - a and Peg a 
Grcwtn potential 

Tae growth potential of cntai.-.-d c«e—» 
is tested at various cr,v;r. 5 tecperat^res in -~ 
tetracycline i?tg secius:. 

When seeded as. » * 

v * tu us - *ayer on _B terra eve 2i..~ 

i?TG agarose C.I ail clones fcr= b.cr«rV> 

=3?S Which ar * to tacstriocin, when " 

grown at temperatures between 30*c and 34 * C . 

Above U«c. bacterial rats nc 
fcr ~* - is a « 3iso been observed ;n Iicuif ^ 

S " - 3i:ivli >' - bartertcctas is alsc 
'~ C ~ d fCr I?TG ^^ntrattcns of or.lv z.ZS =y 
^ at a of v:-c. Therefore, tn~r- 

.xzsts a level of expresston for genes tct_A and 

" ££L ^' ia " h * abse =« *~ eduction of vecco- 
? GTI Otti. . 

Morphological stcdy. 

The various clones undergo =orphc ice teal 
changes following overexpressxon of i« A a ^ " 
?«p A. 



rteria, when coserved with a 
contrast optica; horoscope after inducts a~ 

U ' C ****** 4 hcucs - * stable eleocaJeo 

1Jp ~ e : ' : Parage lengtn of a nerval 

'* 2 2***^* ££ii- However, the core strain* 



characteristic 13 presence of as* tc s^v^n: 
ir.tr icytopi-ssr-ie ;ncLs:cns- irtsig* each £ict*rn<£l 
bet!?. 

Inclusions js observed -he optical 

Microscope ray be iecnd seam vher one reserves 
with an electronic sicrcscope after negative 
coloring a; bacterial sections grown at ~42 z r 
curing 4 hours. 

Tnese ir.cljsi.cis are peripherics 1" and 
Jd:acent tc the inner face cf the rycoalasxtic " 

I . lastinc logical prccemes sf cr -reins 
lut. A and Fee A 

l"unccenicity of let A and :^ a 
lut A prccetns extracted frcit cuter 
ciesbrjrtes cf strums E^ coil ISS22, 15353, LS2C1 

' recombinant strain Escherichia call CXK 6^3 
GTI P-2 are isolated oy preparative pclyacrylaiitde 
eels and injected to rabbits according tc "e 
above describee protocol- 
Chances in the title cf ar.ri-Ict A 
3nticcii.es- secreted by eacn rabbi c "Assessed vith 
the EL1SA method , ta<ing as an antigen a "granules" 
'precipitated pre let A protein* solution extracted 
from a culture of -he strain E^ cell CXK SCI GT1 
P-i. 

?he positive reference server csed 
is i raohit anti-l^t A protein serur cf E^ cell 
la I. supplied tv 5. Cl'SESA. 

The ^r^r protocol is followed for prawias 
Fee A extracted free, rterkranss cf strains E^ cdi 

;r;^zi md ecu sks i* ^r: r::, ' 



In ail *■ 
the injection of [,* 
<\ hierh niter cf av • 
against, these prvt 

lut A and Pep A 

The spec 
antibodies is stud.*, 
preparations t Scrci ; 
603 GTI ?-2, 'CMK bl 
121- This study is 
method. 

The f cu r 
which are prepared . 
luc A cclv-K3G ser. 
a 76 kCa protein i: 
fron strains exprets. 
Whenever the Evxld 
usee fcr tnuir inc.. 
serua specifically - 
expressed by bird 'i 
the -two lur A prot»* 
strains coli CMK 
B-5. 

. The pr r i< * 
protein prolut A .: . 
by ail anti-Iut A 
purified "granule? 
JTI ?-2 and CMK *> * 
Prone i r 
anti-Let A sera an- 
do net recacnize .1 . 



i;hv riuiTS react to 
, tut A snd Fep A by prcd^cinc 
s specifically directed 

/o perti^c cf proteins 

; ty of the various coca fned 
awards several ctsrer cenbranes 
.coli 15022, 13393, CMK 
: B-5 and HW3 IS GTI F- 
usinc the "Western blot"" 



i-Iut A sera 

.veil as the standard anti- 
pecif icaiiy recocnize 
• 11 outerpeirbrane prepa.rat.icns 

. :c the aercbactm system, 
recombinant/. lut A protein 
oti, the antibodies of cne 
ocjnire the lut A protein 
ox coil proteins ^nd 
synthesized by the recombinant 

0 3 GTI. ?-2 and tXK 603 GTI . 

'bor of the lut A protexn, 
also specifically recccnired 
a. (I^unobiots oace with 

: ^aerated by strains CXK 5C3 

jp I is not reco^ni^od by 
Conversely, anti-Fep A sera 
A Drcteins. 
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Cloning or genes last A ami fgn* ia 
expression vector CTI 062 alleys one to generate 
large amounts of proteins lut A and Pep A as well 
=s their respective precursors. Proteins lut 
A- or Pep A and their precursors which are 
synthesized following the induction of the trans- 
cription by the growth of bacteria at 42 £ C, 
rapidly accumulate in the for* of large cytoplasmic 
inclusions (granules) which are visible with 
2 phase contrast optical microscope. Observation 
■ wtt.n the electronic microscope of section of 
induced bacteria reveals that these granules 
are closely joined to the inner face of cytoplasmic 
membrane. 

~ = One must obser'cthe importance of the 

expression level of lut A and Pep A precursors 
'.an average of 25% of total, proteins under non- 
rptiruced conditions). .Mature proteins make up 
as naca as 35% of the protein content of the outer 
membrane. This percentage may be considered as 
tne upper limit for the integration of this type 
of pre tern in the cuter' membrane. As a comparison, 
proteins /lut A and Pep A expressed by the wild 
Strair5S Escherichia coli represent together 

25 of che ou =" membrane proteins, it thus 

appears that the total expression of proteins 
lut a and Pep A, and their precursors, by recombinant 
strains according to the invention is much higher 
than their natural' expression. 
ll Th « characterisation of a sensitivttv 

towards cioacme OF 13 in clones expressing the 
I«t A proteins, and of a sensitivity to colicine 
S is these which express protein Pep A snows that 
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th« synchesas and miration of these proteins 
in the outer membrane ca.>.e place naraally. 

The identity of proteins obtained by 
genetic recombination with wild proteins is also 
demonstrated by the recognition of these sroceiss 
by antibodies directed against natural Iut a and 
Pep A proteins. One «Ul note that these antibodies 
also recognize, with the same specificity, orecursors 
prolut A and proPep A into intracytoplasnic inclusions. 

Antibodies induced by proteins iut 
A and Pep A as obtained by genetic recombination 
specifically recognize in the same .ay proteins 
Iut A and Fep A as expressed by various strains 
of pathogenic Escherichia coll . 

Overexpression of receptors Iut A and 
rep A oy cloning of their genes on an expression 
vector, allows one to obtain in an iron-rich medium 
external membrane proteins which are f unctionnailv 
and antigenicaliy identical to proteins exoressed 
by pathogenic bacteria during their in vivo multiplicanom. 

The synthesis of proteins Iut A and 
Pep a through genetic recombination thus has 
many advantages : 

- it allows one to obtain proteins 
Iut A and Fep A in very large amounts, while 
freeing from regulation by iron, ' . 

- the synthetised proteins are f unctionnailv 
and antigenicaliy identical to the proteins as ~*. ' 
expressed by pathogenic bacteria m their ir. . vivo 
multiplication and they induce the production 

of antibodies, 

-when used as an active principle in 
i serine, they induce the production of antibodies 
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preventing the specie ic recognxtxon by ociabrane 
proteins regulated by iron, of the siderophores, 
Thus stopping the supply of iron and blocking 

rhoir rrul triplication in a host ; thus they allow, 

:o prepare very useful vaccines to prevent 
-~ fight infections including septiceniae. 

Vaccines may also be preparatec simply 
croa inactivated recombinant clones or fron nteabrane 
: ragments obtained by lysis of recombinant clones 

- followed by purification , according to usual set hods 
for the preparation of vaccines basad on surface 

or wall antigens. 

IV. PREPARATION* 0? I ROM F 3 3Y GROWING 
IN IRON-RESTRICTED MEDIUM. 
5 I) Strain : E- Coii 073 reference 15022 : 

engine : chicken 

2} culture : 

- Medium : 

£1 medium succinate (Simon E.H. and 
T-.-saann {1963} Proc. Natl. Acad. Sci. USA 50, 
326-5?;;? 

. addition of iactof errm (250 uc/sal) 
to obtain .a medium vith an iron deficiency , . 

. or addition of FeClj» SH^O C 40 aXj : 

- for an iron -rich medium. 

- Culture 

- passing 3 times the strain in a 
iron-rich medium, this being followed by an adapts tine 
stage in a deficient mediiut before final culture 

ir. a deficient medium, 

- simultaneously, one proceeds to crcv 
the saze stum in an iron-rich medium. 
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- Che cultures are ra»de at 37°C during 

24 heures. 

3} Analyst; 

Ac end of growth, tn each sediua, one 
proceeds to the following operations : 

- harvesting by cer.trifugation, 

- collecting Pallet in 0.2 M Trxs KC1 ?h S, and 
ultrasonication, 

- cer.trifugation (5000 c 30 sinuses) 
recer.trifugation of supernatant (100 000 g, 

1 hour}, 

- taking up of the pellet in Trxs KC1 (50 ax, p~ 
8), MgCi 2 (10 clM), SDTA I eX, Triton 100 C2UJ and 
agitating during 20 ainutes at 37 °C, 

- centrifugating one hour at 100 000 g then reexrracttr.c 

the pellet. 

seller 

- wasnmg the ' j m dazirteralised water, 

- analysing the pellet in pciyacryiaaide gel I PAGE 
SDS.i under denaturatinc conditions (nercaotcethano:. 
SDS ? . 

4. Result : 

- Xeobranes of bacteria grown with iactoferrin : 
presence of two proteins, m large acounts, having 
apparent molecular weights 60000 da (enterobactin 
receptor Pep A ) and 76000 da Saerobactin receptor 
lut A}, 

- aeabranes of bacteria grown in iron-rich aediua ; 
no 76000 and 80000 da band. 

V - PREPARATION OF VACCINES ' 
Preferably, the active principles according 
to th* invention wiii be associated, in the 
with a conventional antigenic preparation 
known huaan or aniaal antibacterial vaccines. 



and notably in the case when one tisses purified - 
proteins. 

These vaccines cay show the active 

inventive principles in usual liquid- vehicles 

for parenteral administration. They say include 

conventional , for example oily adjuvants - 

The legends of figures 1 and 2, hereebove refer- 
red to . follow : 

For figure 1 : 

Control of the expression of the lut A protein 
its precursor on. two CMK 603 clones con t a mine 
A constructs. 

PAGE-SDS pattern of total proteins of the clones: 
*■ jb CQli CMK 603 GTI-001 

3 - E. coli CMK 603 GTI-iut A (strain 16003) 

4 - E. coli CMK 603 GTI-iut A (strain 15972 ) 
2. Molecular weight references. 

For figure 2 : 

Control of the expression of the Pep A protein 
and of its precursor. 



and of 
GTI-iut 



PAGS-SDS pattern of total proteins of the clones. 
1 • £ - coIi CMK 603 GTI 001 
2. E. coli CMK 603 GTI-rep A. 
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PATHOGENIC 


^ A ivr V JL J 


OlckKUri YJr& 


ORIGINAL ANIMAL HEFE1RJEKC1S 




E. coli 15 


C22 


0 78 


chicken sc^cr.otnec^v 




15 


393 


0 S6 


ca If 




15 


972 


0 2 


chicken 




16 


000 


0138 


calf 




io 


003 


0133 


calf 




E. coil XX 


576 


In CoIV-S 


3G jXan ' h. C.'CE^A 



Host strains E. coli _ K12 genotype origin or reference 
C 500 F 



*5 . S3 10: 



HV3 13 



jail, i»£u, -ac : , :nu A . sue £ frKCATIr er £2 f 

.^sd (r*a, -i" s i , rs£A. ara, 2ZS- lacY . >K CEZT <S 
i, JClI, aSi, sus£ 



C£< S02 F • tnr, thi, ^u. s»- ^v.. - - _ ' 

lag V > r-s t a* 



15525 



Bactericides -producing strains 

cch 1300 Coiicin 3 producing H. PCSrALIZ* 

Sncerobacter clocae DF 13 S455 

Cloacin 2F 1 3 producing 




Name Size 

(bases pairs) 



Characteristics Reference or prig*n 



oBR 322 -^52 



10 PA 



~ I53 3500 



53 US 2692 



cloning vector 

.A^p r Tet r 
cloning vector 

-jr3 r derived f res 
oCCiS cloning vector 



pCXI 001 5TS0 



Tet r expressing vector 



2G 



prtS 101 15300 



«— -.r v«*ccor o ?lac - 
■Si kb Kind III frac- 
aent of ColV-K3Q faearir.c 
ooeron. aerobac.in 



Aao r vector ?3r 322 

li* kb Kind HI fracsenw 

of H^. cell chrodosoae om.i-s 



2S 



Day 0 Day 14 

i r. trader mi c intramuscular 



injection 



injection 



Day 23 

mcrasuscula: 
injection 



^njectio: 



125ug 

Blood 

saaolino 



:25iig 

3 Iced 
samolinc 



10 al 



Day 



42 



Day 



49 



Day 



56 



intramuscular 
injection 



intramuscuia: 
injection 



25Cug 25Cug 

31 cod 50 ai 

sampling 



31ood 
saspixnc 



50 si 



s 



42 
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C^s^arisoit between nucUfotide &t^gM»nctt& of Bsfcte £fl - BstE 3 J 
kpbi restriction fragments i^r^-.-r^ ^v+"v* 



3~--A3i-:-::~^:w;;r3 

. ;. ~ae&A:A-:--:3-33-:*-:3r^^ 
► ... 

:-v:--::-~3~:^:3::-3--*3:~^ 

?: -3::~3-:33:--33~3^:~:-:3--"^ 

* -3c:*ji'33:i-33-3-*:'3:i:3*-'";**^'::r:"~ -333*- 

-5 :»-*"~:-3*-"3 ::3:::3:::*3-": -r33::-:-:3:-;: ~ 32-~ 3^::^ 

: ,. 3^'c":^3^"3::3:::3:::*3a— :Ari::3rA3i;A;:3]3;;^z:;:A3::: 

2:: :-:"3-:'*^~:-:5:--:-:i3:i-c---333:-3- ::3:::3---33-3: 
3-3"3~: •"«:*:3:--:-:-i:i-:^*333:':-^ ::^::3--~3:~3: 

^^!S?:^*3-:a3^ . . 

- : i-~33:3::-i:i3-:33~3--:~^ 

" ^3- a ~:3:*:3J**3333*3**2332Iaaa;^^ 

:* , :a3:^-:3:~;::^3:33^--33:3^ 

53*a:«:a3a*' :-333:33:AAA3-3:*'w^;i:A;^3:-':A w .;-2i*:::'33 
33--:-33^---:-333:33:-— 3-3:"^"3-33:i:*33::^:*3~':::-33 

t-r: ::**34C3*:-33-3::33-33:3:A::Ai;-i;33*A"^-:*333*33:-,-:;:T:^ 
-7. ::*"34:s*tAs:*3:*33A3::23Ac;AA;-A:K-i-3^-5v-c;-*33*:3::^;* 

:* . 33 - 33"33*33*"*i::3r3*3:2*;*3^"* ^^:A33"~333ArA33;"3-3-^r"33- 

; 33*33*3: • 23 *"I-333:3*333*: *3Ai:-:**:a-T-A- -3A*AT.--%a;-ia;**3i 

:. ;*:*A-A^r:i — "-a-ka;t4-a--3-^-^-:-:;:3*3:3-:3*:::*:^ 
:33333r33:*3 - ~3:33~33::'3A-3*&:*^^ 



*::-:a-2::::-:.; . ^ ^ 

i :i:A-5::3SA?:-r:r;r;::7;A..- > - : ^. A -- — .... 

rr;^"--:-::^.:-- - .,. .... m .... , 

"~':"333--~:3:-- -rr- 

:~3 -Ai:rs:-. "i-i-st* -3*3:33:*— ?*-:ak;-::a 

— i^rrr* ~:;:::* - 
:*-:•:-:*:-: : - 553^:^5 :-As:r:-s -:*:•: - --.--:;:-:---- 

--jc-:r:-:- - 
}~zi *::::"" .::3-:3.3~~- ~3:3«.~-;i33~:-:: 3 : 

~ ::**:•::-* ~:~- v ::2~~:::2-:~:~— ~- iii^.r 

~~:3 ':~_-j :-33~:*: - :^ • * *~-^;±z 
":r:i;^:;t:i: i::: . ::;r . :: . : ..-.^.,.. ; ^ 

33*133 : - 33:~-*:*:: -3 i33s:*33*'i 

33*rs3:-33r*** ~:-::-3333::-22-~:;:- :*-3*icr:— ~::~::^:jl 

3*-3~:t-c3*~-3S":*kc*^:s™ 

•*:^*:3^::*3^::^3:^:3:^::33^33c-3^c~:^^3^--^ 

■t^.---.* - . ... :*3r- "-"•7 ^-ii—i - 




7A3 V 1 : cent i r*u«d I 

... ;:;-:;;;:aa;:;.;;; s .; <( 

:c* v . .:3i:-*-AA-A:-A»3;.*:3;;::A-;^-^;.-;:-5;^-jM:::.:i 

M"* ::::"--'ir^:r:K:;.- r :^*:r::'K-r:-::;::- 
.... /.i.;;^;.^-^*-*^-^^ 

:~: -:3* 
j •~3:~""':"?:3^i:;:-"*:::k_:"- 

3 ::3---"- 133:3 '33-^33 -3:33-^^ 

• .:zz-7 m z~z''z^zz'zc'z^^r^'zz^~}'i~zz'^.z'z 
^ : - - : - : - - : ^: ^ : : : ; : - ^ : > ; : : : • - i™3:~:*:i_ 

:. ;:: 3 "ii-:*:~K3 : * 2-.* 
~±z2':^-zzz-±-±zz-zzz*2z±-i-zz-:zz:^--±-z^z~-z:22- 
iZc . * 1 i-~~332~- "a. r-cr^ * zz~ ~ z m z z * zzzz~ -** ~~ * i~3«i * * . ~ i* 

* ; - : - 2 : - - : - :c - ~ ~ ~ : : — :3-::3~3~:>c-*;-:~3™3333 

a:--- ::::: :-::- M 33":^^:--c-;*3-3r3-*:"3-::33^"::***- 
"••33':*3":-i: :-t-*:^Tv:33-a*-:;---^ 

^Ma3*":3:"i*-':^c-*33:n^ 
> M;-3^c33~A^-r^-*^ 

* • ^A&-:-3rAs-:^3^3^^^^ 



^1 



7A9LE r *: 15 



-AAAr^-i-:AAA;-:::-:"*"-""::*3** 
-3A^£S-3-AA3~3£-*":~;r33-~-:~^ 

-3^3^-3~--3~33-~':~:~^ 

ss^i:^ t ? - * 

:33:-:-:333&3^3?S::— : --^ -3- - 

:-c:i3':-3C"*r~* r *:*A":-5i*3*:::" ~:--:3333"3"3: 
:-:;i3b3C--:-3-*-:*-':-3:-3-::c::-3':-3:-:"-:3333--3-r: 



i : 



3-^c32:--A3:-:t3::33-:--t^c3; :~: : ~::3-— 

-3c-::--3"-ssr3--3A-3::333:«::s::--- 
-33::i-3"~s:s"33-"c:3^^ 

~3-~~ — a~---C" I^33£T33-3~ I33~~*I 

:3AT*T*iC3"3-C"*- i ^--C"I-33C*:r-3"C33*--II 



-5- c 



'5972 

•ecca 



5iS 

TABLE ' VIII 

• • • 



'5CC2 



•53S3 
•59T2 



•£-5-: 



•5S72 
•2GC2 



SAC 3CA - C ~3G 



-v- - CC" OX 



*~ - CC XC XC X- SX 



• 8 ? 4 



— X- 



G*A AAC CTC — C yiiC 



• 5 3 S 



'•J (J >_ 

3- r 3*3 ^ , ;a - c> £ 
G3C 



V- OCT C" -ic -~ XG 1-3 — "3a 

*cc — og- xc aac -ac -c- rsn-:- 

- I* *cc — rs aac -*c -cr 3-3 ens . -r -3* 

3 ' ^ s as- -v- se^ v a - ^ c, c 



Differences between the sequence of the three clones imt A 
and the sequence ofqene iut A IBB p ColV-K3@ 
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TABLE ;;< 
ECO RI ClaiT 




80T 



Creation of ATG 

Q^est^on EassHi ...ATGGATCC;. 

TACCTAGt. 

ZUcesrxcr: H#>g Bean 5*... ATG 3» 

3\*. TACCTAG S* 

PHYSICAL AN3 CES&7IC -SAP Cf p GTI 031 



>» 5' A TG 3' 
»> 3* 7 A C S* 



2J ~ * 9* 
n't- 



TABLE X 



A ~ G ATS ATA A G C 



»E7 ILE SEP. LVS LYS 



5* AIGAiAAGCA 



21 



ACTATTCGT 



S f A 7 Q A 7 A A G C A A A A A G T 3' ol'gc 
r. TACT A77C57T7 7 r CAT a 5 * 



Start of gene iut A and ^quence of double strand 

oligonucleotide used for the phasing of gene imt A in p GTI 0<D 



Insertion strategy of 
gene tut A in p CTI 00 i 
1st part oaT 153 



vector SAT 153 



Bern 




3st ■£ 



Digest** 5s-. S 21- «e«>val band 3225 pb 



D?gesf:cn £co RV 



t 

LIGATION 



3am ?*I 



KLENOW 





Digestion by Baa HI and Xhol and 
reooval band 2780 pb j 

Ligation with pGTi OOl/partial 



/ 



Sara rtl 



partial digestion Bajza Hi 



partial digestion* 

ligation witli olig; iut 
double strand 



ACC I 




Hi 



62 X^l'yr^ 



Bant HI £O0 RX TABLE XII 



step «* 




Digestion £co RI 




T 



Digest :cn Sere m 



ttjcidase *-*j-*c Bee.- 

tSars nl) 




63 



TABLE XI IX 



(Bam Hi) 




Ban HI 



RESTRICTION MAP OP PUVSRID S GTI P-2 and GTI B-S 




RESTRICTION OP p MS 101 and CTIfiSTOECTIt©^ p F-0 



start of the sequence of gene fej?. A 

I S! SI till 

GGAATA AAACAATG AAC A A 6 A A I 

>€T ASN LYS !L*S 

sequence to be obtained after mutagenesis : 

GGAATAAAACAGTTAACAAGAAGA7T 3" 

CCTTA77TTGTCAAT7G7TC7TC7AA 5" 

I I 

I 1 

site htaa I 

oligonucleotide (27 cner) 
used 

CTTCT7GTTAACTGTTTTA.77CC 3' 

SBQCTEKCE OF SYNTHETIC OUGONUCUSKlt* TOED FDR TEE 
MUTAGENESIS OP C gp A 
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1. A process tor growing bacteria expressing 
outer cesbrane proteins recall red by iron, of 

vhich sose are sider©pncr*t cr transferrin receprcrs, 
whx.cn say be used in a vaccine preparation, characterized 
in that said bacteria are crew** rn 2 =«Sakc 
in which the iron content is reduced , .with the 
help of a strong iron chelating protein, such 
as a lactoferrin , tc a level allowing one tc 
obtain an increased expression of saJd receptor 
proteins which is enough to induce, vbes said bacterid 
are used in a vaccine, the. generation of antibodies 
preventing the specific recognition of siderophcres 
by their receptors. 

2. A process according to ciaia I, 
characterized in that the bacteria belong to 
the group siade up by enterchacteriae belonging 
tc the families Escherichia ccl :. -Klebsiella , 
Sa Irzcnel la :hvch:^ur:u.7. f Shzcelia. 

3. A process according to ciair: 2, 
characterized m that the siderophcres which are 
excreted by bacteria, are aerohactln and/or enters- 
bactin- siderophcres. 

4. A process according tc ciais 3, 
characterized in that the expressed proteins are . 
lut A and/or rep A proteins. 

5. An anti-sepcxcesxc bacteria vaccine 
characterized in that it includes, as an active 
principle, antigens comprising whole baeterza 

as obtained by culture in a soedian.waerexn the 
iron r*ntent is reduced to a level alleging cne 
tc obtain -an increased expression e£ cuter r:er^br^n^ 
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• pretext regulated by iron, an<£ of which 
^re siderophex«sec transferrer, receptors, 
fragments of these bacteria, or transferrins 
or sidecophoce receptors proteins , and notably 
5 proteins lut A and Pe A, extracted frcr. these 

bacteria. 

6. A vaccine according to claim 5. .. 
characterised in that said bacteria are bacteria 
obtained by the process according to any of cla: 

10 I - 4. 

7. Bacteria expressing in increased 
amounts at least one outer aenbrane protein/ regulated ■ 
by iron and forming a transferrin or sidercphore - 
receptor, characterized in that they include 
recoitbinant expression vectors expressing said 
prctein(s) . 

3 . Bacteria according to cla in 1, characterise 
in that the genes expressed in said vectors belong, 
to the expression system of the outer aeshrar.e 
proteins regulated by iron' inside the croup 
consisting of enterobacteria of the families coil, 
Klebsiella r Salmonella thvohicuriaB, Shigella . 

?. Bacteria according to ciaia 8. 
characterized in that said proteins belong to 
the systems of aerohacrin anchor enterobactm 

sidercphores. 

' 10. Bacteria according to clain 9, 

characterized in that the synthesized proteins 

are proteins lut A and/or Pep A and/or their precursors. 

Li. Bacteria according to ciaur; lu% 

characterised in that protein luz A is obtained 

by a process wherein notably cae isolates the 

plasaid part of an coli strain or of any other 

enterobacterial bearing the ^ern^ctiaa ?perra, 
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one separates frcr, the pLasr&d part a f rag^ent 
bMmc ger.-^ lut A , on<* l^tjit^ sais fragment 
wAth a cloning vector,, one inserts,; gene lut A 
in expression vector, ami one has prste^ I"Jt: 

A expressed by growing tfte cLcr.es. 

12. Bacteria according to clais LI# 
characterised in that the expression vectcr used 

to express protein lut A nas its replication origin 
located under the control of the cac promoter 

and that the gene to express is under control 
of the strong B Pr" promoter whose repressor is 
thermosensitive. 

13. 3acteria according to 10, characterize 
in that protein Pep A is obtained by cloning gene 
fep A in the expression vectcr defined in clair 

i: cu 12. 

14. A process for synthesis of IRC MPs 
and notably proteins lut A and Fep A or their 
precursors prolut A and prorec A, charact 6 —-^ 
in that clones as defined in clairss 11-13 are 

grown in an appropriate aedi.us r first at a tesaeratJ 
below 32°C then at 42°C to induce the expression 
of genes mt A and fep A . 

15. Anti^sep t i cersic bacterial vaccine, 
characterized in that it contains as an active 
principle IROMPs, and notably lut A and/or Fep 

A proteins and/or the precursors of these proteins 
as extracted from the outer nenbrane or whe cytoplasm 
of recombinant bacteria , according to any cf claims 
7-13. 

16. A vaccine according to claits 13, 
characterized in that it contains said recombinant 
bacteria or fragments of these bacteria. 
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Control of the expression of 
its precursor in :uo CMK SS3 
A constructions . 
SDS-PAGE profiles of the tot 
clones : 

L. coil CMK 603 GTX-COi 

3. E. coil CMK SO 3 GTI-lut 

4. E. coil CHK GTI-Iut 
2.. Molecular weicht standa 
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76 KDa 



protein lut A and 
clones with GTI-Iut 

.1 proteins in tne 

A f strain 16003$ 
A £ strain 15972,! 
is 



Zf* tit** lonUuuj* 



